Multiscale variability of a macrobenthic community inhabiting fine sediments on the West African Equatorial margin was assessed during three cruises as part of the BIOZAIRE research program. Spatial scales ranged from 15 to 550 m (within station) and from 1000 to 7000 m (between stations). Principal Coordinates of Neighbour Matrices (PCNM) allowed the detection of multiscale patterns of variability within a location, while a binary coding of the sampling stations was used at broad spatial scales. Significant patterns were observed at 170 and >4000 m. The two spatial scales displayed similar biotic responses, with the Scaphopoda and Bivalvia having patterns that were opposite to the Pholoidae. A spatio-temporal patchwork of environmental variables might explain the observed patterns. Practically, these results emphasis the need to develop balanced and crossed designs among the sources of variation (geography, time, depths).
Introduction 1
abundances of Paranoidae increased. These two taxa also indicated great spatial variability (i.e. 20 differences among the cores) as shown by the amplitude of the standard deviation bars (Fig. 3) . 21
Altogether these results suggest that yearly punctual or exceptional events may modify the number 22 of individuals within each taxon without affecting the overall structure of the community (i.e. 23 relative importance of each taxon).
Multiscale spatial variability 1
Spatial analyses indicated that the macrobenthic fauna varied significantly at two spatial 2 scales: within and among the sampling stations. Quantification of the spatial pattern at the within-3 station level by PCNM analysis of among the R1 cores produced seven sinusoid-like spatial 4
functions describing variation at all the spatial scales (i.e. potential patterns of variability) at the 5 station level (Fig. 4) . Forward selection on these variables confirmed the significance of a single 6 function (PCNM n°1), explaining 33.4% of the taxonomic variability among the cores. The distance 7 between the two contrasting groups of cores was 170 m. The contributions of the taxa to the single 8 RDA axis produced by the spatial model at that scale, indicated opposite distribution patterns 9 between the Pholoidae and three other taxa (the Bivalvia, Scaphopoda, and Tanaidacea; Fig. 5A ). 10 The Pholoidae were 1.9 times more abundant in the light bubbles (cores #60 and 61) than in the 11 dark bubbles (cores #30 and 35), whereas the Bivalvia, Scaphopoda, and Tanaidacea showed the 12 inverse pattern and were, respectively, 2.8, 3.0, and 1.9 times more abundant in the dark bubbles 13 than in the light bubbles (Fig. 5B) . It is noteworthy mentioning that the observed spatial differences 14 in the cores could also be interpreted temporally. The cores displaying spatial differences also 15 differed in sampling years because the sampling design confounded the spatial and temporal 16 variations. Therefore, although the statistical analyses focused on spatial variability, spatial 17 variability cannot be separated from the temporal variability. It would indeed be more appropriate 18 to refer to spatio-temporal variability at this scale of observation (within-station scale). 19
The among-stations RDA, which used the binary-coded stations as explanatory variables, 20 brought out the differences associated with among-station variation. The main factor was the 21 difference between station R2 and the three other stations: canonical axis 1 accounted for 17.2% of 22 the total taxonomic variation among the cores (Fig. 6A ). Located 100 m deeper than the other 23 stations, R2 was between 4 and 7 km from the other stations. As indicated by Fig. 6B , theother stations. Three Polychaetes families (Cirratulidae, Glyceridae, and Pholoidae) showed the 1 opposite pattern: they were, respectively, 1.8, 2.1, and 1.5 more abundant in the other stations in 2 comparison to R2. Although associated with depth, the spatial distribution of these macrobenthic 3 taxa cannot be exclusively interpreted in that context because no other station was located on the 4 same isobath as R2 and hence the station is confounded with the bathymetry effect. 5
Discussion 6
Multiscale spatio-temporal patterns 7
Spatial structures of macrobenthic communities were apparent at two spatial scales 8 envisioned in this study. At the fine spatial scale, the analysis indicated a significant pattern mainly 9 between two groups of cores at station R1. Within each group, the core-to-core spacing (i.e. 10 distance among ) ranged between 15 m and 85 m whereas the groups displayed a geographical 11 distance of 170 m from each other. The two groups were composed of cores sampled at two 12 different years, thereby preventing any conclusions regarding the relative importance of the spatial 13 versus the temporal variability. Whether the distribution was patchy, temporally dynamic, or both, 14 our study showed that the abundance of the dominant macrobenthic taxa was variable over 15 relatively short spatio-temporal scales on the upper slope of the Angolan margin. Unfortunately, due to logistic limitations (e.g. ship time), it was not possible to sample core 21 replicates at both isobaths and therefore the sampling was confounding geography, time, and depth. 22
While we are aware that the sampling design deviated from the ideal crossed and balanced situation 23 (small sample sizes and low sensitivity), our results (e.g. the similarities in biotic responses 24 between the two analyses), interpreted in the broader scope of the BIOZAIRE research program, mayhelp in identifying processes contributing to the highlighted multiscale patterns of the sedimentary 1 macrobenthic fauna. 2
Similar biotic responses at two different scales 3
At each spatial scale, the abundances of Bivalvia and Scaphopoda were inversely related to 4 the abundances of Pholoidae. The consistent covariance among these taxa at the two spatial scales 5 may be explained either by (i) a misinterpretation of the results due to the low taxonomic resolution 6 of the data, i.e. we may have misinterpreted the response as being from a single "species" while in 7 fact the biotic responses from the same taxa were from different species, (ii) variation in 8 community structure was generated by similar causes at both spatial scales, or (iii) different causes 9 at different scales generated similar biotic responses. The first hypothesis can likely be withdrawn 10
for the Pholoidae because all the individuals observed in our study belonged to a single 11 morphospecies of the genus Pholoe. The second and the third hypotheses are somehow more 12 difficult to sort out because the study was not designed to test such hypotheses. Nevertheless, given 13 the ubiquity of the three taxa and based on the results from other studies in the BIOZAIRE program 14 (in this volume), evidences tend to support the hypothesis that variations in the community 15 structure may have had similar causes at both spatial scales. We suggest that the observed 16 multiscale patterns may have been caused by the spatially dynamic patchwork of the environmental 17 conditions prevailing in the study area. The following section explains the rational of this 18
hypothesis. 19

Spatio-temporal "patchwork" of environmental conditions 20
The Pholoidae are small polychaetes, presumably carnivorous (Fauchald and Jumars, 1979) , 21 which ranked third among the dominant polychaete families on the upper slope of the Angolan 22 margin. As mentioned previously, all the individuals in our samples belonged to the genus Pholoe. showed that the macrobenthic community on the upper slope of the Angolan margin is, to a certain 9 extent, structured in space but at broader scales than those previously envisioned by Grassle and 10 Sanders (1973) . Long term measurements of POC fluxes and currents recorded during the BIOZAIRE 11 research program underlined the variability of the environmental settings, but unfortunately the 12 sampling scheme of environmental variables did not permit to identify the factors responsible for 13 the observed patterns. 14
Implications for sampling strategies 15
The primary purpose of this study was to identify spatial patterns of macrobenthic 16 communities to provide advice on sampling schemes in baseline studies. Analysis analyses using a finer and more regular sampling grid are thus needed before suggesting that distance as 20 a threshold below which the cores could be considered as being autocorrelated (sensu Legendre and 21 Legendre, 1998) . This means that spatial structures observed below that threshold would be produced 22 by the community dynamics as opposed to spatial structures above that threshold which would be 23 environmentally induced. Therefore, sampling at a scale finer than these 170 m would be in a senseConcurrently, differences in community structure among the sampling stations were 1 significant. The smallest distance between two stations displaying such differences was 2 geographically estimated to be 4000 m. It would be ill-advised however to specify that distance as a 3 "among-station" threshold because some distances separating two stations were not replicated (e.g. 4 1000 m) and, as mentioned in the results section, it is difficult to separate the station effect from the 5 bathymetry effect at that scale. 6
In conclusion, it is essential when developing designs dedicated to baseline studies, to 7 include several control stations (and replicates within stations) at different depths and time and 8 conduct a balanced cross-designed survey such that the "natural" spatial variability, the temporal 9 variability, the depth variability, and their interactions could be effectively tested (Underwood, 10 1994). 11
12
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